Methods:
Acoustic-trawl surveys in the Eastern Bering Sea collect measurements of acoustic backscatter along parallel transects. Trawl samples are also collected for species classification of the acoustic data, and to obtain biological data, particularly length-frequency information to convert the echo integration data to abundance. Abundance estimates using acoustic survey methods are based on the relation between an animal's acoustic reflectivity and physical size. Thus, in simulations to estimate abundance by age, for each point in a grid covering the survey area, acoustic backscatter, length-frequency and age composition information at that point are required. Total abundance for each age-class is obtained by summing over all grid points. Empirical confidence intervals are obtained from the frequency distribution of abundance over all simulation realizations.
1) The method described in the flowchart is based on length-frequency keys constructed from hauls and mapped subjectively by experienced analysts. It would be possible to group hauls objectively, for instance by using a Kolmogorov-Smirnov test statistic and spatial continuity. The effect of this change on estimates of total uncertainty will be investigated.
2) Functional kriging, kriging of length or age quantiles, and other methods are being investigated as alternatives for mapping length-frequency because they may provide a more objective means for mapping fish size.
3) The method will be extended to better approximate total uncertainty by including spatial variations in length-weight and age-length composition. Additional sources of variability, such as ship motion and instrument errors, which are not assumed to be spatially correlated, can be evaluated by bootstrapping to create realizations of the acoustic data set to be used as the starting point in the geostatistical simulations Toward estimating total uncertainty for abundance at age estimates from acoustic-trawl surveys 
Conclusions and Challenges:
1) Uncertainty from 3 major sources in EBS pollock surveys (i.e., spatial sampling of acoustic backscatter, spatial sampling of length frequency distribution and age-length measurements) were successfully combined to produce estimates of uncertainty by age class. Uncertainty varied between age classes, and confidence intervals for abundance tended to be larger for the more abundant classes.
2) It remains a challenge to include sources of bias, such as immigration/emigration of fish from the survey area (i.e., survey timing), trawl selectivity, vessel avoidance, species classification, and uncertainty in the target strength-length relationship, but inclusion of these additional sources is the ultimate goal in the development of our uncertainty model. Frequency distribution of total abundance of 1-yr old fish estimated from 1000 realizations of the simulation and the associated empirical 95% confidence intervals. Confidence intervals for other age classes estimated similarly.
Frequency Distribution of Total Abundance By Age Class
Realizations from conditional sequential Gaussian simulations of the spatial distribution of the nautical area scattering coefficient (NASC), an acoustic measure of fish density. Realizations of simulations of presence-absence are used as masks for the Gaussian simulations, so that NASC is simulated only at locations where pollock occur. 
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Spatial Distribution of Size Composition Strata
Bootstrap samples of length-frequency keys. The bootstrap sample is the average length-frequency from the same number of hauls drawn randomly with replacement from those making up the key. Functional kriging: length-frequency spatial distribution obtained by co-kriging the coefficients of a polynomial expansion of the length-frequency distributions from trawl samples.
Bootstrapping Length-Frequency Keys
